M
ore than one-third of the population of the United States is obese, defined as a body mass index (BMI) of 30.0 kg/m 2 or greater. 1 With a concurrent rise in the number of U.S. adults aged 65 and older, there is a higher number of of older Americans who are obese compared to previous decades. Obesity is associated with several conditions that increase the need for cardiac surgery. 2 Prior research has shown that people who are obese have a higher incidence of complications after cardiac surgery than those who are normal weight or overweight but appear to have lower rates of short-term mortality. 3, 4 Surprisingly, because people who are obese may be surviving surgery with more complications, there is a paucity of literature examining the association between obesity and postoperative functional decline.
It is therefore imperative to understand how obesity affects functional decline given the potential public health implications. This is crucial in older Americans, for whom information to make decisions is often scarce and the decision to undergo surgery is difficult. The American Heart Association recently recognized the importance of functional status as a principal endpoint for therapies such as surgery in older adults with cardiovascular disease. 5 Given that more people aged 80 and older, who may have more and greater complications, are being referred for cardiac surgery, research geared to functional decline is essential for promoting a more informed surgical decision for the individual and the surgeon. 6, 7 The University of Michigan Health and Retirement Study (HRS) is a longitudinal survey of health and aging conducted in more than 20,000 U.S. adults. We performed a retrospective analysis of HRS data to determine the association between obesity and postoperative functional decline after cardiac surgery in older adults. 
METHODS
We obtained data from HRS, which is sponsored by the National Institute on Aging and conducted by the University of Michigan. 8, 9 Respondents provided informed consent at the time of enrollment in HRS. The University of Pennsylvania institutional review board deemed our analysis of public HRS data to be exempt from human subjects review. We obtained data from the 2004-14 HRS interview waves and subjects in our sample if they responded yes to the following question in HRS indicating receipt of cardiac surgery: "In the last two years, have you had surgery on your heart?" (Figure 1 ). HRS asks a separate question about whether respondents had a catheter-based procedure on their heart. Respondents were excluded if they did not have BMI reported in the interview wave preceding the interview in which they reported having a surgical procedure. We also excluded respondents who were underweight (BMI <18.5 kg/m 2 ) from our main analysis because people who are underweight have high rates of functional decline, and their inclusion into the reference group might underestimate the effect of obesity. 10 Because our primary outcome was decline in self-performance of an activity of daily living (ADL), we excluded individuals who had complete dependence in all ADLs at baseline and therefore were unable to experience the primary outcome. If respondents indicated having surgery more than once, only the first case of surgery was used in the analysis. We restricted our study sample to HRS respondents who were alive at the time of the postsurgical interview and indicated that they had had surgery.
Definition of Obesity
We defined obesity as a self-reported BMI of 30.0 kg/m 2 or greater. Our reference group included respondents who were normal weight or overweight (BMI 18.5-29.9 kg/ m 2 ).
Definition of Postoperative Functional Decline
At each interview wave, HRS respondents or, if necessary, a proxy was asked whether the respondent had any difficulty with each of six ADLs: bathing, dressing, walking, toileting, eating, getting in or out of bed. If a respondent had difficulty with an ADL, they were then asked whether the respondent required help with that ADL. We defined the primary outcome as a decline in the level of self-performance of 1 or more ADLs between the presurgical and postsurgical interviews. Our primary outcome captures two groups: respondents who reported no difficulty with a given ADL at the presurgical interview but reported difficulty in that ADL at the postsurgical interview and respondents who reported having difficulty but not requiring help with an ADL at the presurgical interview but reported requiring help in that ADL at the postsurgical interview.
HRS conducts interviews approximately every 2 years. Because HRS does not report the date of surgery, we were not able to determine the exact timing of functional decline after surgery, although HRS reports the interview date, which allowed us to determine the time between the interview that the respondent indicated having surgery and the preceding interview to provide an approximate followup time.
Covariates
We obtained baseline demographic and clinical covariates from the most recent interview wave before surgery. To account for missing data, covariates were defined based on whether the respondent had ever had the condition before surgery unless otherwise specified. Depression was measured using the 8-point Center for Epidemiologic Studies Depression Scale. Total wealth was adjusted to 2011 values using the Consumer Price Index inflation adjustment, and cutoffs were selected based on median values from the 2011 Census.
11 Memory impairment was defined as the onset of a memory-related disease as reported by the respondent or a proxy of the respondent.
Statistical Analysis
We calculated that we would need 1,442 respondents to detect a 30% difference in the incidence of ADL decline between respondents who were and were not obese with a power of 80% and a two-tailed alpha of .05. We used prior work within HRS to estimate the incidence of ADL decline in respondents who were not obese. 12 We used standard descriptive statistics to compare respondent characteristics according to BMI, using medians for continuous variables and frequencies for categorical variables. We conducted bivariable analysis between baseline respondent variables and ADL decline. For multivariable analyses, we used logistic regression. Baseline variables with P < .20 on bivariable analyses were introduced sequentially into the multivariable model and retained if their inclusion resulted in a 15% or greater change in the odds ratio of the association between obesity and ADL decline or if they were independent predictors of the outcome based on P < .10. 13 We included the interview year a priori in the multivariable model. We performed additional analyses to determine whether the association between obesity and ADL decline differed according to age (50-79 vs ≥ 80). We calculated adjusted odds ratios for the effect of obesity on ADL decline for both categories using the selection criteria specified in the primary analysis.
Failure to account for weight loss before surgery may lead to biased estimates of the effect of obesity on ADL decline.
14 In response, we used weight histories to control for confounding from illness-associated weight loss. Beginning in 2004, HRS asked respondents what the most was that they had ever weighed. We calculated respondent lifetime maximum BMI from recalled maximum weight with self-reported height from 2004. Recalled lifetime maximum BMI has been correlated to self-reported BMI in HRS. 15 Respondents were then categorized as always obese if they had an obese lifetime maximum BMI and obese presurgical BMI and never obese if they had a nonobese lifetime maximum BMI and a nonobese presurgical BMI. We then conducted unadjusted and adjusted analysis for the association between always obese and ADL decline and compared the effect estimates with the output of our conventional analysis approach based on presurgical BMI.
Finally, to address the potential selection bias of restricting our cohort to respondents who survived to the postsurgical interview, we determined mortality and whether it differed according to BMI and age.
For all calculations, a 2-tailed P < .05 was considered statistically significant. All statistical calculations were performed using Stata version 12.0 (StataCorp LP, College Station, TX).
RESULTS
Of 2,249 HRS subjects who responded that they had had cardiac surgery, 1,731 met the inclusion criteria ( Figure 1) ; 593 (34.3%) were obese, and 1,138 (65.7%) were not. Baseline characteristics and ADL dependence are presented according to BMI in Table 1 . The median time from the presurgical to the postsurgical interview was 731 days (interquartile range 669-793) and there was no difference according to BMI (P = .54).
In our full sample, 327 of the 1,731 respondents (18.9%) had a decline in ADL self-performance within 2 years after cardiac surgery. Supplementary Table S1 shows the incidence of decline in the self-performance of each ADL. The greatest incidence of decline after cardiac surgery was in walking and dressing. In comparison, the incidence of new ADL decline in respondents who did not indicate having heart surgery over a similar 2-year period was 10.1%. One hundred thirty-three of the 593 respondents who were obese (22.4%) had ADL decline, compared with 194 of the 1,138 respondents who were not obese (17.0%) (P = .007). In the multivariable analysis of our full cohort (Table 2) , obesity was not associated with decline in ADL self-performance (OR=1.20, 95% CI=0.90-1.59, P = .21). Of respondents younger than 80, 117 of 531 who were obese (22.0%) and 110 of 825 who were not (13.3%) had ADL decline (P < .001); on adjusted analysis, obesity was associated with greater odds of ADL decline (OR=1.45, 95% CI=1.06-2.00, P = .02). Of respondents aged 80 and older, 16 of 62 who were obese (25.8%) and 84 of 313 who were not (26.8%) had ADL decline (P = .87); on adjusted analysis, obesity was not associated with ADL decline (OR=0.61, 95% CI=0.30-1.24, P = .18). The multivariable models according to age are presented in Table 3 .
Secondary Analyses
We assessed mortality in the 2 years after cardiac surgery. Seventy of 669 respondents who were obese (10.5%) and 182 of 1316 who were not (13.8%) died (P = .03). In respondents aged 80 and older, 17 of 80 who were obese (21.3%) and 89 of 409 who were not (21.8%) died (P = .92).
Inclusion of respondents who lost weight over their lifetime might have obscured the association between obesity and ADL decline, especially in older adults. 14 We therefore used a component of weight history, lifetime maximum BMI of respondents, to classify respondents as always obese if their maximum and presurgical BMI were both obese and never obese if their maximum and presurgical BMI were not obese. Lifetime maximum BMI was available for 1,171 respondents. Of always-obese respondents, 21.5% had a decline in ADL self-performance, compared with 15.1% of never obese respondents (P = .005). Inclusion of lifetime maximum BMI increased the OR of the association between obesity and ADL decline in both our full-cohort and age-separate analyses. For the full cohort, being always obese was associated with nonstatistically significantly greater odds of ADL decline (OR = 1.39, 95% CI = 0.96-2.0, P = .08) than being never obese. In respondents younger than 80, being always obese was associated with greater odds of ADL decline (OR = 1.84, 95% CI = 1.23-2.75, P = .003), and in respondents aged 80 and older, being always obese was not associated with ADL decline (OR = 1.07, 95% CI = 0.50-2.28, P = .86).
DISCUSSION
Using data from HRS, we found that that there was no association between obesity and decline in ADL self-performance after cardiac surgery, although the association between obesity and outcomes varied according to age. Specifically, although obesity was associated with greater odds of postoperative ADL decline for respondents aged 50 to 79, it was associated with a trend toward lower odds of postoperative ADL decline in respondents aged 80 and older. To our knowledge, this is the first study to determine how obesity influences functional decline after cardiac surgery.
Avoidance of functional impairment is a highly valued goal for people undergoing major surgery. 16 Declines in function are particularly debilitating and affect well-being and social involvement. Prior literature on outcomes after cardiac surgery has principally focused on survival and hospital complications, and there is a clear need for studies on functional recovery. We therefore felt it was imperative to assess ADL decline after cardiac surgery and identify groups such as people who are obese and elderly who may be vulnerable. We hypothesized a priori that the association between obesity and adverse postoperative outcomes would decrease with age, as had been shown in studies of obesity and long-term mortality in the general population. 17, 18 We selected a cutoff of 80 because individuals aged 80 and older appear to have a higher risk of complications after cardiac surgery than those younger than 80. 6, 7 Illness-associated weight loss often confounds estimates of the effect of obesity on health outcomes in older adults. 19 The use of weight histories to model the risk of obesity is an approach that was developed to account for confounding from long-term weight loss. In a secondary analysis, we defined new weight categories based on lifetime maximum weight of respondents. This approach allowed us to identify and exclude respondents who were previously obese and lost weight over their lifetime and to determine the effect of prior obesity on functional decline after surgery. We found that inclusion of maximum BMI resulted in higher odds ratios than the conventional analysis of presurgical BMI across our full cohort and age categories. Our results suggest that maximum BMI needs to be measured and incorporated into studies on obesity and health outcomes after surgery. Lack of control for weight loss can understate the risk estimates of obesity and mislead study conclusions. At the same time, obesity earlier in life appears to limit functional recovery and should be considered in surgical prognosis.
For respondents younger than 80, our findings are in line with prior research on cardiac surgery that has shown that obesity is associated with more complications but lower mortality. 3, 4 Although individuals who are obese may be more likely to survive, it appears that they experience greater functional decline. Functional dependence is an important outcome for people and their families and needs to be incorporated into discussions regarding surgical decision-making in this population.
In individuals age 80 and older, the relationship between obesity, weight change, and functional decline is complex. Weight loss in elderly adults is most often unintentional and attributable to overt or occult disease, 20 although randomized control trials of intentional weight loss in elderly adults who are obese have found improvement in physical function and that aggressive weight loss management from bariatric surgery reduces the risk of death from myocardial infarction. [21] [22] [23] Both sets of data used nonsurgical populations. Although it may be premature to make recommendations for intentional weight loss in individuals aged 80 and older before cardiac surgery, it should be an area of focus for future work given the high baseline risk of functional decline in this population. Older adults are vulnerable to functional decline because the aging process contributes to comorbid disease, frailty, and impairment. 24 Understanding how surgery affects functional status in elderly adults has become an important target for research, as recognized by the American Heart Association. We found that age of 80 and older was associated with 2.74 greater odds of functional decline after cardiac surgery. Our results emphasize the need to improve outcomes in individuals aged 80 and older undergoing cardiac surgery.
Our study has several strengths. HRS is a large, representative survey of U.S. adults, and the results are generalizable across a range of socioeconomic status, race, geography, and family structure. We were also able to measure and control for important predictors of functional decline, including socioeconomic status and baseline functional status.
There are multiple limitations to the study. HRS collects self-reported data from interviews, which may result in misclassification. Specifically, we lacked detail on the type or urgency of cardiac surgery that study respondents underwent, but because HRS asks separately about heart catheterization and cardiac surgery per se, we believe it is unlikely that our sample included individuals who underwent catheter-based procedures alone. Nonetheless, we believe that additional research with more-granular data on procedure type and urgency is important to more fully understand the association between obesity and postoperative functional decline in this population. We limited our study sample to respondents who were alive at the HRS interview wave after surgery to define the burden of decline in survivors. We found that respondents who were obese had lower mortality in the 2 years after surgery on unadjusted analysis, consistent with prior research. Given that we are constrained by the questions asked in the HRS survey, there is the potential for confounding from unmeasured variables. HRS does not ask whether weight loss is unintentional or intentional, but we did not find that adjustment for weight loss substantially changed our conclusions. We did not adjust for frailty because of the heterogeneity of its definition in HRS. 25 Additional research may help define how frailty measures predict adverse outcomes in individuals who are obese presenting for surgery. Finally, the number of respondents aged 80 and older who were obese was modest (n = 62), potentially limiting confidence in the conclusions regarding this important age group.
SUMMARY
In this retrospective analysis of a large, representative survey of the U.S. population, we found that the association between obesity and ADL decline differed according to age. Our study fills a gap in knowledge about functional decline after cardiac surgery.
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